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Introduction
Macrophage Activation Syndrome (MAS) is a severe, lifethreatening disorder. This disease was first described in association with systemic onset juvenile idiopathic arthritis (SJIA) [1] and then described in association with systemic lupus erythematosus (SLE) [2] , Kawasaki [3, 4] , and other autoimmune disorders. In the recent years, the association between MAS and periodic fever syndromes was also proposed in the literature [5, 6] . The incidence of MAS in rheumatic disorders was about 4.2% and the mortality was 40% [7] .
The clinical and laboratory features of the MAS include high fever, hepatic dysfunction, encephalopathy, pancytopenia, bleeding disorders, and high ferritin [8] .
The pathognomic feature of the MAS is macrophages in the bone marrow or liver biopsies, actively phagocytizing hematopoietic cells [9] .
Because of the similarities between MAS and hemophagocytic lymphohistiocytosis (HLH), some authors believed that the MAS was a secondary or acquired form of HLH [10, 11] . Like HLH, the patients with MAS and juvenile idiopathic arthritis (JIA) had genetic defects in the cytolytic pathway [12, 13] . Also, late onset primary HLH in adult has the specific genetic features [14] . Due to these similarities, the HLH criteria were previously used in the diagnosis of MAS [15] . These criteria were only useful in the end-stage of the MAS, when the treatment was difficult [16, 17] . So, the criteria for the diagnosis of MAS were proposed [8] .
Disease Markers
Due to progressive and life-threatening course of the MAS, early diagnosis and treatment can be important in reducing morbidity and mortality. The criteria for the MAS diagnosis have some limitations in the early diagnosis. These criteria involves clinical and laboratory findings. The clinical criteria may appear in the later stages of disease [16, 17] . So, these criteria may not be sufficient for early diagnosis. In addition, the laboratory criteria contain only absolute values of data. Because of the inflammatory process in autoimmune diseases, the changes in these laboratory data may be more valuable than absolute values in the diagnosis [16] [17] [18] . On the other hand, the need for early differentiation of the MAS attack from the flare-up of the underlying autoimmune diseases made the diagnosis more difficult. Early diagnosis of MAS can reduce the morbidity and mortality.
The aims of the present study were comparing the laboratory data and changes in these data between the patients with MAS and the patients with flare-up of the autoimmune diseases and determine the cut-off points, sensitivity, and specificity of the static and dynamic laboratory data for the early diagnosis of MAS.
Methods
In a prospective study, 17 consecutive patients diagnosed with MAS, requiring hospital admission, between 2005 and 2014 that were admitted to the Children Medical Center entered the study. The patients over 18 years of age and the patients that did not return for follow-up were excluded from the study. Documented infection was not an exclusion criterion because of the triggering effect of the infection for MAS in the patients with rheumatologic diseases [9] . The study was approved by Institutional Review Board of the Children Medical Center (Tehran University of Medical Sciences). The study and data collection were compliant with the principles of the Declaration of Helsinki. Informed consent was obtained from all patients.
The criteria for diagnosis of the MAS in the patients with SJIA, polyarticular juvenile idiopathic arthritis (PJIA), and Kawasaki disease were obtained from the study of Ravelli and colleagues on the patients with SJIA [8] . The criteria for diagnosis of the MAS in the patients with SLE were obtained from the study of Parodi and colleagues on the patients with SLE [19] . The diagnosis of MAS was based on the clinical criteria, laboratory criteria, and bone marrow aspiration findings. The diagnoses of the SJIA [20] , PJIA [20] , Kawasaki disease [21] , and SLE [22] were based on the relevant criteria.
The control group included 53 patients with the active disease of SJIA, PJIA, Kawasaki disease, and SLE that required hospital admission at the initial diagnosis (before starting treatment) or at the first flare-up. The control group patients were matched with the cases in age and sex. The criteria for active disease in JIA were based on the American College of Rheumatology (ACR) criteria in 2011 [23] . The JIA patients fulfilling moderate or high risk criteria were included in the control group. The criteria for active disease in SLE were based on the study of Bandeira and colleagues [24] . All the patients with Kawasaki disease required hospital admission at the initial diagnosis and did not need active disease criteria.
Age and gender of the patients were noted in the history taking. Bone marrow aspiration was done for all the patients in the MAS group and some of the patients in the control group to confirm the diagnosis.
The previous laboratory records were searched for white blood cell count (WBC), polymorphonuclear (PMN) and lymphocyte (Lymph) absolute count, hemoglobin (Hgb), platelet count (PLT), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) in the initial phases of disease. These laboratory data were named as WBC1, PMN1, and so forth. The same laboratory data were obtained from the patients in the onset of MAS (MAS group) or active rheumatologic disease (control group) and named as WBC2, PMN2, and so forth. The same laboratory data were also obtained from the patients 1 month after discharge from the hospital and named as WBC3, PMN3, and so forth. The dynamic changes in these variables were assessed by subtracting the second set of laboratory data from the first and the third sets (e.g., WBC1-WBC2 and WBC3-WBC2). In the patients without previous records, only the second and third groups of data were used in the analysis.
In both groups, the following laboratory data were obtained at the time of first attack of MAS (MAS group) or first admission (control group): serum sodium, blood urea nitrogen (BUN), creatinine, lactate dehydrogenase (LDH), prothrombin time (PT), partial thromboplastin time (PTT), international normalized ratio (INR), total and direct bilirubin, alanine transaminase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and ferritin.
All the patients were treated according to the standard treatments for the underlying disease. The patients with MAS were also treated with methylprednisolone pulse (30 mg/kg/day, maximum 1 gram) for 3 days. The resistant or recurrent MAS were treated according to the guidelines of HLH in 2004 with dexamethasone, cyclosporine, and etoposide [15] . The details of the treatment and patients' outcome were not discussed in this paper.
The number of the MAS attacks in the patients was also recorded. In the patients with more than one MAS attack, the data in the first attack were used in the analysis. The static laboratory data and dynamic changes in the selected data were compared between the MAS and control groups.
Statistical Analysis.
The statistical analysis was performed with SPSS version 20 (SPSS Inc., Chicago, IL). The MannWhitney U test was used to assess the difference in quantitative variables between two groups. The receiver operating characteristic (ROC) curve analysis was used to evaluate cut-off points, sensitivity, and specificity of the static and dynamic laboratory data to differentiate between MAS and active disease. ROC curve is a plot with sensitivity on -axis against 1-specificity on -axis. Area under the curve (AUC) is a measure of the overall diagnostic accuracy of tests. The closer the AUC is to 1, the higher is the sensitivity of the test to identify when the disease is truly present. A test with AUC > 0.5 is better than pure chance for differentiating subjects with and without disease [25] . The cut-off point was assigned as the nearest point of the ROC curve to the upper left corner. The level of significance was considered 0.05.
Results
Seventy patients (17 cases in the MAS group) were included in the study. The characteristics of these patients were summarized in Table 1 . In the MAS group, the MAS attack was the first presentation of disease in 9 cases (7 SJIA, 1 SLE, and 1 Kawasaki). In the other 8 cases (4 PJIA, 3 SJIA, and 1 Kawasaki), the MAS attack occurred in the context of the underlying disease. The infection was the triggering factor of the MAS attack in 2 patients. In 4 patients, recurrent attacks of the MAS occurred in the course of follow-up. These recurrences occurred 1-3 years after the first attack.
In the control group, the admission of 31 patients was for the initial diagnosis and treatment. In the other 22 patients, the admission was due to flare-up of the underlying disease.
The mean, standard deviation, and range of the static laboratory data in the case and control groups and value of comparing these data between case and control groups were demonstrated in Table 2 . As shown in this table, in the MAS group, the mean CRP3, ALT, AST, total bilirubin, ferritin, LDH, PT, PTT, and INR were significantly higher and the mean WBC2, PMN2, Lymph2, Hgb1, 2, 3, ESR2, serum albumin, and sodium were significantly lower than control group.
The mean, standard deviation, and range of the dynamic changes in the laboratory data (e.g., WBC2-WBC3) in the case and control groups and value of comparing these data between case and control groups were demonstrated in Table 3 . As shown in this table, the mean values of the following variables were significantly higher in the MAS group: WBC2-WBC1, WBC3-WBC2, PMN1-PMN2, PMN3-PMN2, Hgb1-Hgb2, PLT1-PLT2, PLT3-PLT2, ESR1-ESR2, and CRP1-CRP2. The mean of the variable "ESR3-ESR2" was significantly lower in the MAS group.
The results of the ROC curve analysis in static and dynamic variables were demonstrated in Tables 4 and 5 . The best cut-off point and related sensitivity and specificity of the significant laboratory data were also shown in these tables. The AUC showed significant values for these static variables: WBC2, PMN2, Lymph2, Hb1, 2, PLT1, 2, ESR2, CRP1, 2, ALT, AST, total bilirubin, LDH, ferritin, PT, PTT, INR, serum albumin, and sodium. The AUC showed significant values for these dynamic variables: WBC1-WBC2, WBC3-WBC2, PMN1-PMN2, PMN3-PMN2, Hgb1-Hgb2, PLT1-PLT2, PLT3-PLT2, ESR1-ESR2, ESR3-ESR2, and CRP1-CRP2.
Discussion
The differentiation between MAS and active diseases is one of the challenging problems in rheumatologic diseases, especially SJIA. These two conditions have overlapping clinical and laboratory features. So, the differentiation can be difficult, especially in early stages.
In this study, the static and dynamic features of the laboratory data were compared in two groups and according to the ROC curve analysis, best cut-off points, sensitivity, and specificity of each variable were determined. It was reported that, in active diseases, when WBC, PLT, and fibrinogen decreased from a high level to normal level, the diagnosis of MAS should be considered [16, 18] . So, the dynamic course of the laboratory data might be more important than the static thresholds for the differentiation between MAS and active disease. In the Delphi survey results, derived from the responses of 352 pediatric rheumatologists to questionnaires, the decreases in the WBC and PLT were among the five most important features in the diagnosis of MAS. But this survey did not contain comparing MAS with active disease, the thresholds of the laboratory data, and their sensitivity and specificity [16] . In Lehmberg and colleagues' study, the decreases in the WBC and PLT were associated with MAS, but their study was without control group and cut-off points [18] . In the recent Kostik and colleagues' study, in the patients with SIJA and MAS, the cut-off points for laboratory data were determined, but the study was retrospective and did not evaluate dynamic course of the laboratory data [26] . Our study was prospective, had control group, evaluated MAS in SJIA, PJIA, SLE, and Kawasaki, and assessed cut-off points for the static and especially dynamic laboratory data. Thus, our study seems unique among the previous studies.
In this study, the highest value of AUC in the ROC curve analysis (Table 4) belonged to the PLT in the time of attack (PLT2). The calculated cut-off point for the PLT2 (206000/microliter) was less than its amount in MAS criteria (226000/microliter) [8] . The static (PLT1 and PLT2) and dynamic (PLT1-PLT2 and PLT3-PLT2) variables about the PLT were significantly different between case and control groups. These differences reflected considerable decrease in the PLT in the MAS attack, comparing active disease. In the MAS diagnosis criteria in SLE, the decrease in PLT was more valuable than the decrease in WBC and Hgb [19] . Thus, the decrease in the PLT might be the best laboratory data in the early diagnosis of MAS and its differentiation from active disease. At the time of attack, the PLT < 206000/microliter and the decrease in PLT > 30000/microliter (from the previous records) could differentiate between MAS and active disease. After PLT2, the most value of AUC belonged to the liver function tests (AST and ALT). The cut-off point for AST was Disease Markers 5 38.5 U/L and for ALT was 38 U/L. AST > 59 was a part of the MAS criteria [8] . In the Delphi survey, the increase in the liver enzymes was also among the nine important criteria in the diagnosis of MAS [16] . These studies showed that the AST and ALT might be important in the early diagnosis of MAS. Further studies should be done to evaluate value of dynamic changes in the liver function test for diagnosis of MAS. The value of the AUC for albumin was as high as the value for AST and ALT. The calculated cut-off point for albumin in our study (3 mg/dL) was near the cut-off point in Ravelli and colleagues' study (2.5 mg/dL) [8] . Albumin is a negative acute phase protein. In contrast with the other acute phase proteins, the serum level of the albumin decreased in response to the inflammatory cytokines [27] . So, the decrease in albumin might alarm the beginning of a severe inflammatory phase, like MAS. The AUC for the other serum protein, fibrinogen, was not significant. The level of fibrinogen decreased only in end-stages of the MAS, when consumption of coagulopathy and disseminated intravascular coagulation occurred [28] . So, the fibrinogen level was not valuable for early diagnosis of the MAS in our study.
The AUC values were also significant for WBC2 and PMN2. In addition, these variables and their related dynamic variables (WBC2-WBC1, WBC3-WBC2, PMN1-PMN2, and PMN3-PMN2) were significantly different between case and control groups. The cut-off points for these variables (8200 × 10 3 /UL for WBC2 and 3900 × 10 3 /UL for PMN2) were higher than the cut-off points in other studies. These higher values might reflect that, in our patients, the diagnosis of MAS was done in an early stage with the changes in general condition, decrease in PLT, increase in liver enzymes and ferritin, and presence of hemophagocytes in the bone marrow. In this early stage, the WBC and PMN values were still in higher levels than later stages of disease. So, the higher cut-off points for WBC and PMN could be helpful for early diagnosis of MAS. In addition, the decrease in WBC > 3570 × 10 3 /UL and the decrease in PMN > 1938 × 10 3 /UL at the time of attack could also differentiate between MAS and active disease.
The lymphocyte count at the time of attack (Lymph2) had also high AUC value. This variable was also significantly lower in MAS group than control group. But the dynamic changes in this variable did not show significant difference between two groups. So, only lymphocyte counts at the time of MAS attack could help the diagnosis and the dynamic changes might not be helpful.
All three static Hgb variables and the dynamic variable Hgb1-Hgb2 were significantly different between two groups. The cut-off point for Hgb2 (8.9 g/dL) was similar to the cutoff point in the study of Kostik and colleagues (9 g/dL). So, the Hgb < 8.9 g/dL at the time of attack or decrease in Hgb > 0.55 g/dL from the previous records could help the diagnosis of MAS.
In contrast with other studies, the AUC for ferritin showed also high values. The cut-off point for ferritin was 5277 ng/mL. In the HLH criteria, the minimum threshold of ferritin for the diagnosis of HLH was 500 ng/mL [15] . This value was also considered as a MAS diagnosis criteria in SLE [19] . Ferritin is a proinflammatory mediator that causes cytokine storm [29] . The levels of ferritin are high in both MAS and active disease, even higher than 5000 ng/mL. So, the threshold of 500 ng/mL might not differentiate between MAS and active disease and higher thresholds (>5277 ng/mL), if present, might help the diagnosis along with other signs and laboratory data.
In this study, the AUC for CRP2 was not significant. CRP1 and CRP2 showed no significant differences between case and control groups. In contrast, in previous studies, CRP had higher levels in MAS than in HLH [18] . In our study, only one dynamic variable (CRP1-CRP2) was significantly higher in MAS group. So, the absolute levels of CRP might not be helpful in diagnosis of MAS and only dynamic changes might differentiate between MAS and active disease. On the other hand, ESR at the time of attack (ESR2) and its dynamic variable (ESR1-ESR2 and ESR3-ESR2) showed high AUC and significant difference between case and control groups. So, the decrease in ESR might be a better variable than increase in CRP for diagnosis of the MAS. The CRP value at the remission (CRP3) was also significantly higher in MAS group. The previous studies did not consider the laboratory data in the remission phase. CRP is a positive acute phase protein that is made in response to the cytokines released by macrophages [30] . In the MAS, a cytokine storm occurred. So, in the remission phase of MAS, CRP might decrease with a slower rate than active disease and might be higher in the remission phase. Thus, high CRP in the remission phase might be a sign of previous MAS attack.
The AUC for serum sodium showed high levels, with a cut-off point of 133 meq/L. This cut-off point was 130 meq/L in the Ravelli and colleagues' study [8] and 137 meq/L in the Kostik and colleagues' study [26] . Lower serum sodium was considered a sign for the diagnosis of MAS in the Ravelli and colleagues' study [8] . Lower serum sodium in MAS attack might be caused by syndrome of inappropriate antidiuretic hormone secretion (SIADH) [31] or cytokine effects on the proximal tubule and resultant disturbance in sodium reabsorption [32] . The early decrease of sodium in the acute phase of the MAS may reflect aggravating general condition of the patient. So, lower serum sodium could alert the examiner for the immediate treatment for the MAS.
The main limitation of our study was low sample size. Higher sample size might yield more accurate results. Furthermore, the increase in the sCD163 and the decrease in C3 and C4, gene expression profiling (not evaluated in our study), were considered helpful in the differentiation of MAS from active disease in some studies. These laboratory exams may not be cost-effective and available in all centers. Further studies should be done to evaluate value of these laboratory exams in the diagnosis of MAS. , and so forth. The laboratory data at the onset of MAS (MAS group) or active rheumatologic disease (control group): WBC2, PMN2, and so forth. The laboratory data 1 month after discharge from the hospital: WBC3, PMN3, and so forth.
In conclusion, the dynamic changes in some laboratory data, especially PLT, can differentiate between MAS and active disease in the early phases with high sensitivity and specificity. The changes in WBC, PMN, and ESR and the levels of the liver enzymes may also be helpful in the early differentiation. Very high levels of ferritin may also help the diagnosis along with other clinical and laboratory signs.
